A related series of bis(phosphine) platinum complexes 1-5 and 6-8 bearing dichalcogenate acenaphthylene ligands have been synthesised. The chalcogen-chalcogen bonds in the parent acenaphtho[5,6-cd]-1,2-dichalcogenoles (AcenapylE 2 ; L1 E = S, L2 E = Se; Acenapyl = acenaphthylene-5,6-diyl) were reduced with two equivalents of lithium triethylborohydride to form the dilithio-species. Metathetical addition of the lithium dichalcogenate species to a suspension of the appropriate cisdichlorobis(phosphine)platinum in THF resulted in the formation of platinum (II) complexes [Pt(5,6-AcenapylE 2 )(PR 3 ) 2 ] (1 E = S, R 3 = Ph 3 ; 2 E = S, R 3 = Ph 2 Me; 3 E = S, R 3 = PhMe 2 ; 4 E = S, R 3 = Me 3 ; 6 E = Se, R 3 = Ph 3 ; 7 E = Se, R 3 = Ph 2 Me; 8 E = Se, R 3 = PhMe 2 ). The dilithio-species of L1 and L2 were also reacted with (1,5-cyclooctadiene)platinum(II) dichloride.
Introduction
The family of polycyclic aromatic hydrocarbons naphthalene, acenaphthene and acenaphthylene offer suitable rigid organic backbones with which to study non-bonded intramolecular interactions.[1, 2, 3] Heteroatoms that are substituted at the peri-positions in these systems (positions 1-and 8-of the naphthalene ring and positions 5-and 6-of the acenaphthene and acenaphthylene rings) are forced to occupy space that is closer than the sum of their van der Waals radii, allowing unique interactions to transpire between the bulky substituents. Hydrogen atoms can be accommodated in the peri-positions with ease because the non-bonded hydrogen distances in naphthalene, acenaphthene and acenaphthylene (2.44 Å, 2.70 Å, 2.73 Å)[1, 2, 3] are still greater than the sum of the van der Waals radii for two hydrogen atoms (Σr vdw = 2.18 Å). [4] If these peri-hydrogens are replaced with larger substituents though, steric hindrance is expected as there is not enough space for the larger groups to be accommodated without a significant overlap of orbitals. [5] Despite this, a great array of peri-substituted naphthalenes [6] have been prepared due to the system's ability to relieve strain through the deformation of the organic framework or by the existence of attractive interactions operating between the two substituents. While some peri-substituted acenaphthenes [7] and acenaphthylenes [8] have been prepared they have received much less attention than naphthalene systems. [6] 4 ]. Due to the structural similarity of these compounds to naphthalene, we used this oxidative reaction to study the coordination chemistry of 1,8-dichalcogen naphthalenes and related species to platinum bisphosphines. [10] The acenaphthene (D), phenanthrene (E), 2-tert-butyl-substituted naphthalene dithiolate (F) 2 Cl 2 ] (where R = Ph or Me) in THF at room temperature. [10] We furthered this study in 2013 by preparing and fully characterising six platinum bis(phosphine) complexes constructed from 5,6-dihydroacenaphtho [5,6- 
Results and Discussion
Platinum bis(phosphine) complexes 1-4 and 6-8 bearing acenaphtho [5,6- were prepared following a modification of the literature procedure (Scheme 1). [12] Two equivalents of TMEDA were added to a solution of 5,6-dibromoacenaphthylene [13] in diethyl ether at -78 °C. One equivalent of nBuLi was added dropwise and the solution was left to stir for fifteen minutes. One equivalent of the appropriate chalcogen was added, the temperature was raised to -40 °C and the reaction left to stir for two hours. A further one equivalent of nBuLi and chalcogen were added to replace the remaining bromine and then a further equivalent of chalcogen was added. After mild oxidation in air and purification the dichalcogen bridged ligands L1 and L2 were collected in yields of 5% and 26%, respectively. Attempts to improve these yields proved unsuccessful. Synthesis of the platinum complexes followed a metathetical reaction that has been well documented in the preparation of similar complexes (Scheme 2).[9,10,11] The chalcogen-chalcogen bonds in L1 and L2 were reduced with two equivalents of lithium triethylborohydride in tetrahydrofuran at room temperature to form the dilithio-species. Metathetical addition of the dilithio-species to a suspension of the appropriate cis-dichlorobis(phosphine)platinum in tetrahydrofuran resulted in the formation of the platinum complexes [Pt(5,6-AcenapylE 2 )(PR 3 ) 2 ] (R 3 = Ph 3 : E = S 1, Se 6; R 3 = Ph 2 Me: E = S 2, Se 7; R 3 = PhMe 2 : E = S 3, Se 8; R 3 = Me 3 : E = S 4). 31 P NMR stiudies of the cryde reaction mixtures showed only starting material and product resonances Unfortunately, despite changing conditions and several different attempts the yields were not improved and complex 4 was obtained in poor yield and only 31 P NMR was acquired. The dilithio-species of L1 and L2 were also reacted with (1,5-cyclooctadiene)platinum(II) dichloride. This reaction was successful with L1 resulting in the platinum complex [Pt(5,6-AcenapylS 2 )(COD)] (5) (Scheme 2). coupling constant. These opposing trends are due to a combination of factors. A decrease in electronegativity of the alkyl groups occurs each time a phenyl is replaced by a methyl. The platinum centre becomes more electron rich as a consequence of the alkyl groups becoming more electropositive, this causes a decrease in the s-character of the P-Pt bond. This implies the lone pair on the phosphorus is less tightly bound and subsequently strengthens the P-Pt bond. The s-character of the P-Pt bond decreases because the platinum becomes more electron rich as methyl groups are added, in turn the P-C R bond adopts more s-character to stabilise the local negative charge. [17] In addition, the increase in 1 J( 77 Se-195 Pt) coupling constants can be partially attributed to phenyl groups being greater π-acceptors than methyl groups. When π-acceptors are in the trans position they reduce the magnitude of the coupling constant between the metal and the ligand i.e. platinum and selenium. As phenyl is replaced with the poorer π-acceptor methyl the coupling constant increases. However, the trans influence is not fully responsible for the increase we observe in coupling constant, the s-character in the Pt-Se bond and the subsequent s-electron density at the platinum centre is also responsible.
[17] Peri-region bond angles
113.88(16) 124.6 (6) 127 (3) 127.8 (7) C(1)-C(10)-C(9) 118.78(16) 128.8 (7) 131 ( (4)- (5)- (10)- (9 1 X-ray Investigations: Single crystals were obtained for L1 by cooling a hot hexane solution to -35 °C overnight. The molecular structure of L1 is shown in Figure 5 . Although L1 is a known compound with published characterisation data, [12] no crystal data have been published. The crystal structure of L1 has a peri sulfur-sulfur bond distance of 2.084(2) Å. This is much shorter than the peri-distance in unsubstituted acenaphthylene of ca. 2.73 Å, [3] this is expected as a bond has formed between the peri-substituents. However, the S-S bond does fall within the 'normal' length for a compound of this type with typical values of ca. 2.05 Å being reported. [18] The peri-angles in acenaphthylene are 120.3(8)°, 127.8(6)° and 120.3(8)° with the sum being 368.4°. [3] In L1 the sum of the bay angles is 348.32(28)° with a resulting negative splay angle of -11.7°; this is less than the sum in ideal acenaphthylene confirming a favourable interaction is occurring between the peri-atoms resulting in the formation of a peri-bond. Minor out-ofplane distortion is observed with both sulfur atoms sitting 0.02(1) Å and 0.09(1) Å away from the naphthyl plane. This is accompanied by a minor distortion to the geometry of the 'naphthalene' framework with C-C-C-C torsion angles deviating by 1.88° and 2.20° from the 'ideal' 180°. In the three complexes, the dichalcogenate acenaphthylene acts as a bidentate ligand, coordinating to the platinum via the two chalcogen atoms to form a six-membered PtC 3 E 2 chelate ring. A distorted square planar geometry is adopted by the platinum centre in each case, with angles deviating from the ideal (90°). As expected the peri-distances in 1 and 3 have been elongated due to the breaking of the sulfur-sulfur bond and insertion of the platinum. The non-bonded sulfursulfur distance being 3.343(3) Å for 1 and 3.431(11) Å for 3 compared to the bonded distance of 2.084(2) Å in the free ligand L1. However, the peri-distance in the two complexes is still shorter than the sum of the van der Waals radii for two sulfur atoms by 5-7%. The angles of the bay region increase as a consequence of the increase in peri-distance, with positive splay angles of 20.5° and 26.0° being seen for 1 and 3 respectively. This is significantly greater than the negative splay angle of -11.7° that is observed in L1 due to the presence of the sulfur-sulfur bridge.
1 displays much greater distortion of the naphthalene skeleton than 3. The non-bonded peri-distance and the splay angle in 3 are larger than those in 1 creating a more relaxed geometry around the platinum centre which can accommodate the dimethyl-phenylphosphine groups without causing great distortion to the naphthalene backbone. In the greatest buckling of the naphthalene carbon framework. Greater distortion is observed in 1 due to the bulky triphenylphosphine groups making it more difficult for the complex to maintain a square planar environment around the platinum centre when compared to the smaller dimethylphenylphosphine groups.
Changing the alkyl groups from triphenylphosphines to dimethylphenylphosphines has a minor effect on the In 1 a weak π···π interaction is observed with two phenyl rings, one from each PPh 3 group, adopting a face-to-face alignment ( Figure 6 The platinum metal centre in 1 and 3 maintains a distorted square planar geometry (Figure 7 ). The P(1)-Pt(1)-P(2) angle of 96.08(7)° for 1 is larger than the P(1)-Pt(1)-P(2) angle of 93.6(3)° in 3. This angle is larger in 1 in order to accommodate the bulky triphenylphosphine groups; replacement of two phenyl groups with the less sterically demanding methyl groups allows reduction of this angle to occur in 3. One would expect the S(1)-Pt(1)-P(2) and S(2)-Pt(1)-P(1) angles to be equal, however this is not the case. This is a consequence of the distortion in the naphthalene framework. The P(1)-Pt(1)-P(2) angle in 1 is smaller than that in 3 (92.02(7)° and 95.1(3)°) this is expected as the peridistance and splay angle observed in 3 is more relaxed than those in 1. No significant differences in the Pt bond lengths are observed between the complexes.
In In 1 two phenyl rings, one from each of the two PPh 3 groups, adopt a face-to-face alignment leading to a weak π···π interaction ( Figure 6 ) with a Cg(C13-C18)····Cg(C31-C36) distance of 3.620(1) Å. 6 also shows a weak π···π interaction ( Figure 10 In 1 and 6 the platinum metal centre adopts a distorted square planar geometry (Figure 7 ). The P(1)-Pt(1)-P(2) angle of 96.08(7)° and 96.98(11)° for 1 and 6, respectively is larger than the ideal 90° in order to accommodate the bulky triphenylphosphine groups. The E-Pt-P angles observed in both complexes are smaller than 90°, the expansion of the P(1)-Pt(1)-P(2) angle causes compression of these angles due to the restriction imposed by the peri-geometry which fixes the sulfur and selenium atoms. The Se(1)-Pt(1)-P(2) and Se (2) 
Conclusions
The work presented in this paper builds on our previous studies of platinum bisphosphine complexes bearing dichalcogenate based ligands. ligand coordinates in a bidentate fashion to the platinum metal to form a six-membered PtE 2 C 3 ring that can be described as having a twisted envelope type conformation. The platinum metal adopts a distorted square planar environment with angles deviating from the ideal 90°. Naturally, there is a significant increase in molecular distortion of the acenaphthylene ring system due to breaking of the chalcogen-chalcogen bond and insertion of the platinum.
Complex 1 was found to have the greatest molecular distortion of all three complexes, showing that changing the phosphine group and also the chalcogen has a noticeable effect. Comparisons were made between 6 and our previously reported [Pt(NapSe 2 )(PPh 3 ) 2 ] and [Pt(AcenapSe 2 )(PPh 3 ) 2 ] complexes; the level of distortion was found to decrease as the backbone is altered from naphthalene to acenaphthylene.
Experimental Section
All experiments were carried out under an oxygen-and moisture-free nitrogen atmosphere using standard Schlenk techniques and glassware. Reagents were obtained from commercial sources and used as received. Dry solvents were collected from a MBraun solvent system. Elemental analyses were performed by Stephen Boyer at the London Metropolitan University. Infra-red spectra were recorded for solids as KBr discs in the range 4000-350 cm -1 on a Perkin-Elmer System 2000 Fourier transform spectrometer. All cis-dichlorobis(phosphine)platinum reagents were prepared following standard literature procedures. [20, 21, 22] -1 3424w, 3053w, 2922w, 2363s, 2342w, 1576w, 1463w, 1436s, 1402vs, 1332s [Pt(PPh 3 ) 2 L2] (6): Complex 6 was prepared following a similar procedure to that described for 1 using acenaphtho [5,6- [Pt(PPh 2 Me) 2 L2] (7): Complex 7 was prepared following a similar procedure to that described for 1 using acenaphtho [5,6- IR (KBr disc) v max cm -1 3422w, 3051w, 2922w, 2361s, 2343w, 1579s, 1561w, 1475s, 1435vs, 1399vs, 1330s, 1182w, refinement, which was performed using SHELXL2013. [27] All images of molecular structures were generated using OLEX2. [28] 
